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The frequency of cardiovascular abnormalities was eval-
uated in 71 consecutive patients with acute injury to the
spinal cord. Persistent bradycardia was universal in all
31 patients with severe cervical cord injury and less
common in milder cervical injury (6 of 17) or thoraco-
lumbar injury (3 of 23) (p < 0.00001). Marked sinus
slowing (71 versus 12 versus 4%, respectively, p <
0.00001), hypotension (68 versus 0 versus 0%, p <
0.00001), supraventricular arrhythmias (19versus 6 ver-
sus 0%, P = 0.05) and primary cardiac arrest (16versus
oversus 0%, p < 0.05) were significantlymore frequent
in the severe cervical injury group. The frequency of
bradyarrhythmias peaked on day 4 after injury and
Although the 85% mortality rate for acute spinal cord injury
reported by Cushing (1) during the First World War has
substantially decreased in the modem era, it remains a dev-
astating condition. Motor disabilities accompanying para-
plegia and quadriplegia dominate the clinical picture. How-
ever, the integrity of the autonomic nervous system may be
compromised by spinal cord trauma as well, and in the
chronic state can result in paroxysmal hypertension, im-
potence and bladder dysfunction (2). Relatively little atten-
tion has been paid to the acute aspects of autonomic dys-
function in humans. Because the cardiovascular system is
highly dependent on autonomic influences (3), it is logical
that acute spinal cord trauma might interfere with the com-
plex mechanisms involved in cardiovascular homeostasis.
We therefore initiated a study to investigate the incidence,
time course and severity of cardiovascular abnormalities
accompanying acute spinal cord injury in humans.
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gradually declined thereafter. All observed abnormali-
ties resolved spontaneously within 2 to 6 weeks. The
primary mechanism underlying these observations ap-
pears to involve the acute autonomic imbalance created
by the disruption of sympathetic pathways located in the
cervical cord.
Acute severe injury to the cervical spinal cord is reg-
ularly accompanied by arrhythmias and hemodynamic
abnormalitiesnot found with thoracolumbar cord trauma.
These abnormalities are limited to the first 14 days after
injury, a period in which life-threatening disturbances
must be anticipated.
(J Am Coli Cardiol 1987;10:46-52)
Methods
Patient selection. Patients admitted to the Yale/New
Haven Medical Center Neurological Intensive Care Unit
were eligible for study if they satisfied each of the following
criteria: 1) history of severe trauma to the vertebral column
within 12 hours preceding admission, 2) neurologic defects
observed on admission by more than one examiner in a
pattern consistent with a spinal cord lesion, 3) no concom-
itant brain injury, 4) no history of diabetes mellitus or other
diseases that might affect autonomic nervous function, 5)
no prior history of arrhythmias or sinus node dysfunction,
and 6) no drug used at the time of injury with significant
intrinsic or reflexive chronotropic properties, such as sym-
pathomimetic, vasodilating or adrenoceptor blocking agents.
Following procedures approved by the Human Investigation
Committee, 71 consecutive patients were so identified. Each
was categorized by the level of spinal injury, as well as its
severity as defined by the Frankel scale (4). Using this scale,
patients with complete loss of neurologic function below
the level of injury were categorized in level A, those with
only sensory and no motor function in level B, those with
partial but useless motor function in level C and those with
partial preservation of useful motor function in level D.
Patients who occupied more than one Frankel level during
the first 24 hours of admission because of fluctuating neu-
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rologic status were classified at the more severely impaired
Frankel level.
The 71 patients so identified were segregated into three
groups for further analysis (Fig. I): group I comprised pa-
tients with cervical injuries with complete loss of motor
function (cervical A and B), hereaftercalled severe cervical
injury group (31 patients); group 2 comprised those with
cervical injuries with partial motor function (cervical C and
D) called milder cervical injury group (17 patients); and
group 3 comprised patients with all types of thoracolumbar
lesions regardless of severity, called thoracolumbar injury
group (23 patients). To assess the possibilityof bias through
categorization, the data were also analyzedafter segregation
by complete versus partial cervical cord lesions (cervical A
versus cervical B, C and D), useful versus useless motor
activity (cervical A, Band C versus cervical D) and severe
cervical versus severe thoracolumbar lesions (severe cer-
vical versusthoracolumbarA and B). No substantial change
in the results were observed with these alternative categor-
ical schemes.
Data acquisition. Heart rate, measured by electrocar-
diographic (ECG) monitoring and pulse count, and blood
pressure, measured by intraarterial cannulation and sphyg-
momanometry, were recorded hourly initially and later every
2 to 6 hours for the first 14 days after admission . Data
collected while patients were receiving intravenous pressor
therapy were excluded from analysis. Twelve lead ECGs,
available in 72% of patients on admission, were analyzed
independently and without knowledge of other data by two
cardiologists. Disparities in opinion were resolved by con-
sensus. Several definitions were employed. The corrected
QT interval (QTc) was calculated as the ratio of the QT
interval to the square root of the RR interval, both measured
in seconds. New atrioventricular (AV) block was definedas
AV block of any degree in patients <30 years, or AV block
in patients >30 years that was transient or was confirmed
as new by preinjury ECGs. Primary cardiac arrest was an
event necessitating cardiopulmonary resuscitation believed
not to be precipitated by a pulmonary or a vascular insult.
Hypotension was at least two consecutive systolic blood
pressure measurements < 90 mm Hg. Hypotension neces-
sitating pressor therapy was hypotension unresponsive to
fluid administration and other nonpharmacologic maneu-
vers. Persistent bradycardia was a mean daily heart rate
< 60 beats/min computed from routine measurements for
;::: I day duringthe 14day studyperiod. Marked bradycardia
wasa heart rate during routine measurement of <45 beats/min
at least once during the study period. Patients who died in
the hospital were excluded from analysis of length of hos-
pital stay, and atropine doses were excluded if given for
presurgical. respiratory or prophylactic indications.
Three patients with life-threatening bradyarrhythmias were
investigated further with some or all of the following tests.
The response to sympathomimetic drugs was determinedby
continually monitoring mean arterial blood pressure, ECG
and heart rate while progressive doses of epinephrine, ter-
butaline, dobutamine, ephedrine and isoproterenol were ad-
ministered . Supine and tilt plasma levels of norepinephrine
and epinephrine were measured using a radioenzymatic as-
say (5). The intrinsic heart rate (6) was determined by ad-
ministering 0.04 JLg/kg body weight of atropine and 0.20
JLg/kg of propranolol intravenously over 15 minutes.
Data analysis. Statistical assessment of the clinical fea-
tures and results was performed using analysis of variance
for continuous variables with multiple comparisons evalu-
ated by the Duncan multiple range test. The generalized
exact test for 2 x 3 contingency tables was used for cat-
egorical variables (7). Assessment of the association be-
tween the mechanism of injury and the extent and level of
injury was evaluated using the Pearson chi-square. Differ-
enceswereconsideredsignificant ifprobability(p)was:sO.05.
Figure1. Categorization of7l eligible patients. Cervical. thoracic
and lumbar refer to the level of spinal injury, and letters A through
D refer to thedegree of clinical severity as graded by the Frankel
scale.
" severecervical" "milder cervical"
"thoracolumbar"
Results
Clinical features (Table 1). The three study groups were
comparable with respect to sex, age, mechanism of injury,
presenceand type of skeletal injury and use of surgery. The
percentof patients with a previous history of cardiovascular
disordersalso did not differ significantly in the three groups.
A history of mild hypertension was found in four patients
and mitral valve prolapse in one patient. Medications used
at the time of injury were not significantly different among
groupsand consistedof antipsychoticagents in five patients.
hydrochlorothiazide in three. phenytoinin two and clonidine
in one. The only category in which a significant difference
was noted among study groups involved the length of hos-
pital stay as evidenced by both the number of days spent
in intensive care and the total number of days in an acute
care facility.
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Table 1. PatientCharacteristics
Group I, Group 2,
Severe Milder Group 3,
Cervical Cervical Thoracolumbar
No. of patients 31 17 23
Males 23 (74%) 12 (71%) 18 (78%)
Age (yr)
Median 24 29 25
Range 14 to 89 II to 73 18 to 71
Previous CV history 1(3%) 1(6%) 3 (13%)
Mechanism of injury
MVA 14 (45%) II (65%) 13 (57%)
Diving 8 (26%) 3 (18%) 0
Fall 6 (19%) 3 (18%) 9 (39%)
Other 3 (10%) 0 1(4%)
Skeletal injury
Fracture 28 (90%) 13 (76%) 21 (91%)
Dislocation 18 (58%) 8 (47%) 7 (30%)
Surgery performed 20 (65%) 13 (76%) 18 (78%)
Hospital stay (days ± SD)
Total days 53 ± 32 28 ± 15 26 ± 13*
Days in ICU 13 ± 14 4 ± 4 4 ± 3*
*p < 0.005; all other differences were not significant. Unless stated, values represent absolute number of
patients. CV = cardiovascular; ICU = intensive care unit; MVA = motor vehicle accident.
JACC Vol. 10. No. I
July 1987:46-52
Clinical findings (Table 2). Persistent bradycardia «60
beats/min) was universal in the severe cervical injury group.
This represents a highly significant difference when com-
pared with the 13% incidence in the thoracolumbar injury
group (p < 0.00001). Similarly, marked bradycardia «45
beats/min) was frequent in the severe cervical injury group
and rare in the thoracolumbar injury group (p < 0.00001).
At times, sinus node slowing was profound enough to produce
hemodynamic compromise and hypotension, and therapy
with repeated bolus injections of atropine or placement of
a temporary transvenous pacemaker was often performed.
These therapeutic maneuvers were applied to 29% of the
severe cervical injury group and to none in the two re-
maining groups (p < 0.001).
Table 2. Clinical Results in 71 Patients
The temporal course of these bradyarrhythmias is dis-
played in Figure 2. In the severe cervical injury group, the
prevalence of persistent bradycardia peaked on day 4 after
injury and gradually declined over the ensuing 10 days. The
prevalence in the milder cervical injury group also reached
a maximum on day 4 but with a much lower peak. In all
patients with bradycardia, the heart rate returned to a base-
line or expected value 2 to 6 weeks after injury, and at that
point was not significantly different from that in the thor-
acolumbar injury group.
Episodes of hypotension were limited to the severe cer-
vical injury group (Table 2). Hypovolemia could not be
implicated as the sole disturbance in most cases because
over half of these hypotensive patients required intravenous
Group I, Group 2,
Severe Milder Group 3,
Cervical Cervical Thoracolumbar
Persistent bradycardia 31 (100%) 6 (35%) 3 (13%)*
(mean HR for at least I day < 60
beats/min)
Marked bradycardia (HR < 45 beats/min) 22 (71%) 2 (12%) 1(4%)*
Atropine/pacer therapy 9 (29%) 0 0*
Hypotension 21 (68%) 0 0*
Pressor therapy Ii (35%) 0 ot
Primary cardiac arrest 5 (16%) 0 O:j:
*Overall p < 0.00001; group I vs. group 2 p < 0.001; group I vs. group 3 p < 0.00001; toverall p <
0.001; group I vs. group 2 p < 0.02; group I vs. group 3 p < 0.01; :j:overall p < 0.05; all other differences
are insignificant. Values represent absolute number of patients. HR = heart rate.
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Figure 2. The prevalence of persistent bradycardia (mean daily
heart rate <60 beats/min) for each of the first 14days after injury.
pressor therapy after adequate fluid replacement to maintain
an acceptable arterial pressure. Relative bradycardia was a
common accompanying factor, and likely contributed to the
hypotension to a variable degree. Indeed, 9 of the 11 pres-
sor-dependent patients experienced marked bradycardia dur-
ing the study period.
Primary cardiac arrest occurred in 5 of the 31 patients
in the severe cervical injury group (p < 0.05 versus other
two groups). These five individuals ranged in age from 20
to 85 years. All five had complete loss of neurologic function
below the level of their cervical cord lesion (that is, all were
in category cervical A). Although the exact arrhythmia trig-
gering the arrest could not be determined in most instances,
cardiovascular abnormalities were often seen earlier in the
hospital course of these patients, including prior persistent
bradycardia and hypotension in all five, prior pressor therapy
in four, prior atropine therapy in three and prior tachyar-
rhythmias and new AV block in two. Three of the cardiac
arrests had a fatal outcome.
ECG findings. The results of blinded ECG analysis are
shown in Table 3. Repolarization changes were equally
present in all groups. The mean QTc interval was also sim-
ilar. Four patients with severe cervical injury demonstrated
new AV block not found in the other groups; three expe-
rienced first degree and one experienced Mobitz type [ sec-
@70
v
w 60
~~ 50
b: 40
~ 30
:x:
Z 20
<l:
~ 10
~ 0 Ll
2
• Severe Cervical
FJ Milde' Cervical
o Thoracolumbar
4 5 6 7 8 9 10 II 12 13 14
TIME POST INJURY (days)
ond degree block. The small numbers involved precluded
statistical significance (p = 0.14).
Supraventricular tachyarrhythmias, predominantly atrial
fibrillation, were found in 6 of 31 patients in the severe
cervical category. Two patients experienced ventricular
tachycardia outside the setting of a cardiac arrest. Although
both of these patients were in the severe cervical group, this
difference was not statistically significant.
Illustrative case. The clinical course of one individual
in the severe cervical injury group is graphically displayed
in Figure 3. Along with marked bradycardia to a heart rate
of 35 beats/min recorded during routine measurement, this
patient experienced frequent symptomatic episodes of asys-
tole of up to 5.6 seconds in duration throughout much of
his early hospital course. Because therapy with bolus intra-
venous injections of atropine in standard doses was only
partially and transiently effective, a temporary transvenous
pacemaker was inserted on the fifth day after injury. Plasma
catecholamine assays were performed while the patient was
supine and after a 15° cranial tilt. Supine epinephrine was
33 pg/ml (normal 20 to 80) and norepinephrine was 112
pg/ml (normal 200 to 400) and neither increased after 5
minutes of tilt despite a 12 mm Hg fall in systolic blood
pressure (epinephrine 14 pg/ml, norepinephrine 93 pg/ml).
A parasympatholytic dose of 0.04 mg/kg (3.6 mg) atropine
was given as an intravenous bolus (6), producing a sub-
normal heart rate acceleration from 56 to 101 beats/min (8).
The subsequent addition of 0.2 mg/kg (19 mg) intravenous
propranolol produced minimal or no further change. The
resulting "intrinsic heart rate" of I03 beats/min was close
to the value of 108 ± 8 beats/min (SO) predicted by regres-
sion analysis of Jose and Collison (6), suggesting normal
intrinsic sinus node function (9).
To help elucidate the role of other potential therapeutic
agents in this individual, five sympathomimetic drugs (iso-
proterenol, epinephrine, dobutamine, ephedrine and ter-
butaline) were administered intravenously in increasing doses
while the ECG, heart rate, arterial pressure trace and mean
systemic blood pressure were monitored continuously. Only
Table 3. Electrocardiographic Abnormalities
Entry ECGs
Repolarization changes
QTc interval (mean ± SO)
New AV block
Supraventricular tachyarrhythmias
Ventricular tachycardia
Group I,
Severe
Cervical
7 (32%)
0.432 ± 0.043
4 (18%)
6 (19%)
2 (6%)
Group 2,
Milder
Cervical
4 (29%)
0.424 ± 0.043
o
1(6%)
o
Group 3,
Thoracolumbar
5 (33%)
0.416 ± 0.038
o
0*
o
*p = 0.05; all other differences were not significant. Unless stated. values represent absolute numbers of
patients. Values representing repolarization changes, corrected QT interval and new AV block were computed
solely from available admission electrocardiograms (severe cervical = 22. milder cervical = 14, thoracolumbar
= IS). Values representing arrhythmias were derived from the entire study population. AV = atrioventricular;
ECG = electrocardiogram; QTc = corrected QT.
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Figure 3. The initial clinical course
for one patient in the severe cervical
injurygroupwithcompletetransection
of the spinal cord at the second cer-
vical level. Asystole = periods of re-
peated sinus pauses/arrests in excess
of 2 seconds' duration; atropine =
single intravenous bolus injections of
0.6 to 1.0 mg atropine sulfate (ar-
rows); isoproterenol = periods of
continuous infusion of isoproterenol;
pacer = period of use of a temporary
transvenous pacer operated in the de-
mand mode at a rate of 3D/min.
isoproterenol augmented heart rate by at least 40% without
a substantial (> 10%) increase or decrease in mean arterial
pressure. This agent was then used therapeutically (Fig. 3)
and completely eliminated the repetitive sinus pauses, even
at the very low dose of 0.07 /Lg/min, which in itself con-
tributed little to the basal heart rate. By day 15 after injury,
the repetitive sinus pauses had spontaneously resolved .
Discussion
Our results demonstrate that acute injury to the cervical
spinal cord is frequently accompanied by specific cardio-
vascular abnormalities not found with thoracolumbar cord
injury . Bradyarrhythmias were the most prevalent compli-
cation in our study and were universally present in the severe
cervical injury group. Marked sinus slowing not only was
common but was often clinically important as well, with
specific therapy mandated in nearly a third of the severe
cervical injury group. This group additionally manifested a
significant excess of supraventricular tachyarrythmias and
marked hypotension. Cardiovascular disturbances were also
found in the group with milder cervical injury, but at a
lesser frequency and severity. Known prior cardiac disorders
that might have predisposed to these abnormalities were rare
in our study population, and the youthful median age in
each group makes occult cardiac disease unlikely. In ad-
dition to their spinal injury , several patients in each group
experienced significant nonneurologic complications, in-
cluding remote soft tissue injuries, blood loss and infection.
However, each of these complications would tend to in-
crease basal heart rate , making the bradycardia found in all
patient s with severe cervical injury even more noteworthy.
Cardiac arrest. Of potenti ally great clinical importance
were the five primary cardiac arrests requiring cardiopul-
monary resuscitation seen in our study. All five cardiac
arrests occurred in the group with severe cervical cord in-
jury. Although often quite ill, these individuals represented
a wide age spectrum and had no known heart disease before
injury. In three of the five, resuscitation efforts were un-
successful. Severe bradyarrythmias, marked hypotension,
supraventricular and ventricular tachyarrythmias and AV
block frequently antedated the cardiac arrests, suggesting
that these warning features could potentially identify those
at highest risk for subsequent arrest. Whether appropriate
early intervention could protect against this catastrophic event
remains to be determined.
Proposed mechanism: disruption of cardiac sympa-
thetic influences. Although the exact mechanism under-
lying these events is not known, the cardiac abnormalities
likely arise from the acute autonomic imbalance imposed
on the heart by a cervical cord lesion. Sympathetic inner-
vation exits the spinal cord in preganglionic fibers at the
first through fourth thoracic level (10) (Fig. 4). Parasym-
pathetic control, however, is exerted through the vagus nerve,
which originates at the level of the medulla oblongata. Hence ,
injury to the cervical cord may completely disrupt cardiac
sympathetic influences from higher centers while parasym-
pathetic control remains intact. Evidence for this proposed
mechanism derived from our study and the work of others
includes: I) the frequent association of bradyarrhythmias
with cervical but not thoracic or lumbar lesions , 2) low
baseline and stress serum catecholamine levels (II) , 3) the
subnormal rise in heart rate with high dose atropine , 4) the
lack of heart rate response to propranolol after para sym-
pathetic blockade, 5) the prevention of bradyarrhythmias
with low dose sympathomimetic agent s, and 6) the ability
of unopposed vagal tone to mimic many of the observed
results, including bradycardia, sinus arrest, AV block and
atrial fibrillation . Hypotension, a known accompaniment of
acute cervical cord injury (12 ,13 ), may be similarly ex-
plained by the elimination of sympathetic arteriolar tone. It
is accompanied by a decrease in systemic vascular resistance
and an actual increase in cardiac output, implicating vaso-
dilation as the primary disturbance (14). The absolute or
relative bradycardia seen in our study patients is undoubt-
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Bororeceplors
Sinus node
Figure 4. Schematicrepresentationof theautonomic nervous sys-
tem in severe cervical spinal cord injury . Transection of the cer-
vical cord results in removal of sympathetic control from upper
centers on the heart and vasculature; parasympathetic influence ,
both efferent to the sinus node and afferent from arterial barore-
ceptors, remains intact. ~ HR and t HR '" cardiodecelerator
(vagal) innervation and cardioaccelerator (sympathetic) innerva-
tion, respectively; n.IX = 9th cranial (glossopharyngeal) nerve;
n.X = 10thcranial (vagus) nerve. Efferent fi bers are denoted by
solid lines, afferent fibers by interrupted lines.
edly an important contributory factor to the hypotension
observed.
Animal studies. In accordance with our findings, ex-
perimental studies in cats (15,16), dogs (17,18) and mon-
keys (I 6,19) have shown that compression or transection
of the cervical spinal cord can produce hypotension and a
variety of arrhythmias. These abnormalities are always pre-
ceded by several seconds of massive sympathetic discharge
immediately after injury. Although none of our patients
exhibited evidence of this hyperadrenergic state on admis-
sion, the time lag from injury to examination may have
precluded its detection. Indeed, transient sympathetic
overactivity has been reported (17) in one individual ex-
periencing inadvertent cervical cord injury intraoperatively.
Temporal patterns of resolution. Bradycardia, as well
as other cardiovascular abnormalities found in patients with
acute cervical spinal cord injury were transient in nature
and resolved spontaneously in 2 to 6 weeks (Fig. 2). This
time course parallels that observed in the somatic nervous
system. Complete cord transection results in several weeks
of "spinal shock" manifested by fl accid paralysis, areflexia
and bowel and bladder atony (20). This stage gradually
evolves to the clinical state associated with chronic spinal
cord injury (21). exemplified by the somatic nervous system
manifestations of spasticity and involuntary muscle spasm.
The autonomic correlate of this hyperactive response has
been termed autonomic hyperreflexia, in which severe par-
oxysmal hypertension. sweating, cutis anserina and other
sympathetically mediated responses can be triggered by cu-
taneous or visceral stimulation below the lesion (22). It is
probable that this process of sympathetic disinhibition in
the injured spinal cord leads to the resolution of the brady-
arrhythmias, hypotension and other cardiovascular abnor-
malities demonstrated shortly after injury in our severe cer-
vical cord injury group. Hence, this process may be
simultaneously adaptive and maladaptive to the future well
being of the patient. The responsible mechanism has not
been fully elucidated but may involve an increase in adren-
oceptor number or function, altered utilization or metabo-
lism of neurotransmitters or the loss of reflex inhibitory
sympathetic control from higher centers ( 11,23,24).
Pro vocative maneuvers. Although a baseline sinus
bradycardia was frequent in the group with severe cervical
injury. it is of more signifi cance that many of these indi-
viduals had repeated sinus pauses of several seconds' du-
ration. Their occurrence was often temporally related to
external stimuli or internal perturbations, such as tracheal
suctioning, belching, defecation or passive movement. Se-
vere bradycardia and sinus arrest have been reported before
in ventilator-dependent patients with acute cervical injuries
undergoing endotracheal suction (20,25-27). Because heart
rate at rest is controlled almost exclusively by the parasym-
pathetic nervous system (28), severe bradyarrhythmias would
not be expected after isolated sympathetic withdrawal. How-
ever, minor transient increases in vagal tone that normally
are counteracted by sympathetic influences might in this
instance produce extreme effects such as sinus arrest.
Therapeutic options. Therapy was initiated for the ob-
served cardiovascular abnormalities in many of our patients
with severe cervical cord injury. Hypotension inadequately
treated by fluid replacement responded well to arteriolar
vasoconstricting agents such as phenylephrine and dopamine
in our experience and that of others (29,30). This is in accord
with the proposed mechanism of pathologic vasodilation
induced by acute sympathetic withdrawal. The treatment of
bradyarrythmias with standard but submaximal bolus injec-
tions of atropine was only partially and transiently effective.
This would be expected if the observed sinus slowing does
indeed arise from inadequate sympathetic rather than ex-
cessive parasympathetic tone. Cardiac pacing has also been
advocated as a useful treatment (3 1). However, because the
bradyarrhythmias likely stem from a neuropharmacologic
rather than an electrophysiologic disturbance. a more logical
approach might be the pharmacologic replacement of the
acutely withdrawn sympathetic activity. We have success-
fully used isoproterenol infusions in several patients. In one
(Fig. 3) this agent completely eliminated sinus pauses and
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sinus arrests, even when used at the extremely low dose of
0.07 JLg/min, which in itself contributed little to the basal
heart rate. Whether this treatment should be used prophy-
lactically for the reduction or elimination of arrhythmias or
primary cardiac arrest in such patients at risk awaits a con-
trolled trial.
We are indebted to Michael G. Ziegler , MD for catecholamine analysis ,
10 Barry L. Zaret , MD for manuscript review and to the nursing staff of
the Neurological Intensive Care Unit for clinical assistance and support .
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